
Update on 
H->bb/cc/gg at 350 GeV

CLICdp Analysis Meeting - 6 June 2015 
Marco Szalay

1



Marco Szalay3-June-2015 Update on H->bb/cc/gg at 350 GeV

Outline

2

• Introduction 

• Event selection and MVA performance 

• Template Fit Status 

• Background modelization 

• Conclusion



Marco Szalay3-June-2015 Update on H->bb/cc/gg at 350 GeV

Introduction

3

 [GeV]s

0 1000 2000 3000

 H
X

) 
[f

b
]

→
-

e
+

(e
σ

-2
10

-1
10

1

10

2
10

e
ν

e
νH

-
e

+
H e

H Z

H H Z

 Htt

e
ν

e
νHH 

350
W+

W-

- Vector Boson Fusion

Main H production channels at 350 GeV:!
- Higgs strahlung

Z

e�

e+

H

Z

W

W

e�

e+

⌫e

H

⌫e

Figure 1: The two main Higgs production processes at a LC.

250 GeV 350 GeV 500 GeV 1 TeV 1.5 TeV 3 TeV
�(e+e� ! ZH) 240 fb 129 fb 57 fb 13 fb 6 fb 1 fb
�(e+e� ! H⌫e⌫e) 8 fb 30 fb 75 fb 210 fb 309 fb 484 fb
Int. L 250 fb�1 350 fb�1 500 fb�1 1000 fb�1 1500 fb�1 2000 fb�1

# ZH events 60,000 45,500 28,500 13,000 7,500 2,000
# H⌫e⌫e events 2,000 10,500 37,500 210,000 460,000 970,000

Table 1: The leading-order Higgs unpolarised cross sections for the Higgs-strahlung and WW-fusion pro-
cesses at various centre-of-mass energies for mH = 125 GeV. Also listed is the expected number of events
accounting for the anticipated luminosities obtainable within 5 years of initial operation at each energy.

2.2 Higgs Coupling Measurements at
p

s < 500 GeV

The Higgs-strahlung process provides the opportunity to study the couplings of the Higgs boson in a model-
independent manner. This is unique to a LC. The clean experimental environment, and the relatively low SM
cross sections for background processes, allow e+e� ! ZH events to be selected based on the identification
of two opposite charged leptons with invariant mass consistent with mZ. The remainder of the event, i.e. the
Higgs decay, is not considered in the event selection. For example, Figure 2 shows the simulated invariant
mass distribution of the system recoiling against identified Z ! µ+µ� decays at a LC for

p
s = 250 GeV.

A clear peak at the generated Higgs mass of mH = 120 GeV is observed. Because only the properties of
the di-lepton system are used in the selection, this method provides an absolute measurement of the Higgs-
strahlung cross section, regardless of the Higgs boson decay modes; it would be equally valid if the Higgs
boson decayed to invisible final states. Hence a model-independent measurement of the coupling gHZZ can
be made. With a dedicated analysis using also the hadronic decays of the Z the sensitivity to invisible
decay modes can be improved very significantly as compared to the fully model-independent analysis. The
LC provides in fact a unique sensitivity to invisible decay modes of the Higgs boson, extending down to a
branching ratio into invisible states as low as 1%. The precisions achievable on the Higgs-strahlung cross
section and the coupling gHZZ are shown in Table 2 for mH = 120 GeV.

The recoil mass study provides an absolute measurement of the total ZH production cross section and
therefore the total number of Higgs bosons produced would be known with a statistical precision of 3 �
4 %. The systematic uncertainties from the knowledge of the integrated luminosity and event selection are
expected to be significantly smaller. Subsequently, by identifying the individual final states for di↵erent
Higgs and Z decay modes, absolute measurements of the Higgs boson branching fractions can be made.
High flavour-tagging e�ciencies are achievable and the H ! bb and H ! cc decays can be separated.
Neglecting the Higgs decays into light quarks, one can also infer the branching ratio of H ! gg. Table 3
summarises the branching fraction precisions achievable at a LC operating at either 250 GeV or 350 GeV
where model-independent measurements of the Higgs boson couplings to the b-quark, c-quark, ⌧-lepton,
W-boson and Z-boson can be made to better than 5 %.

Preliminary results of ongoing studies confirm that a precision of �gttH/gttH ⇠ 10% can be achieved,
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H𝜈𝜈 
• 80 < MH < 180 
• 60 < Ereco < 260

HZ: Z→jets 
• 70 < MH < 200 
• 50 < MZ < 130
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Efficiency Improvements
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Hqq cutflow bb cc gg qq qqqq
nocuts 26209 1322 3961 1.2x10 2.8x10

50 < Z 25621 1294 3869 1.5x10 2.7x10
70 < H 25615 1293 3869 1.37x10 2.7x10

BDT (Hvv) < 0.08 25338 1288 3859 1.37x10 2.7x10
BDT (Hqq) > 0.11 13434 566 1630 49994 2912

Total Efficiency 51% 43% 41% 3.9X10 0.1%

Hvv cutflow bb cc gg qq qqlv qqvv
nocuts 14456 729 2185 1.2x10 2.95x10 162300

60 < E 14449 728 2183 9.1x10 1.6x10 158484
80 < H 14174 714 2147 6.9x10 741522 129504

BDT (Hqq) < 0.07 14173 714 2147 6.9x10 741522 129504
BDT (Hvv) > 0.11 8773 401 1071 4621 1975 1843

Total Efficiency 61% 55% 50% 3.7X10 6.6x10 1.1%
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Template Fit
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•  Binned maximum likelihood fit on multi-dimensional space: b and 
c likelihoods and HPt 

•  Assume Poissonian fluctuation for each data bin:  
 
 
 
 
with n = number of data entries in bin ijk  
and μ = ∑ wm Tm for the same bin 

•  Then the Likelihood is the product of Pijk in all bins 

•  Find the wm that maximize this value
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Fit Methods
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1. Log likelihood in 3D space (b-like, c-like and Hpt) 
2. Log likelihood in multiple 1D projections 
3. MCMC in multiple 1D projections (BAT toolkit)

(evt.nunu.Hd1.Ctag*evt.nunu.Hd2.Ctag / (evt.nunu.Hd1.Ctag*evt.nunu.Hd2.Ctag + (1 - evt.nunu.Hd1.Ctag)*(1 - evt.nunu.Hd2.Ctag)))
0 0.2 0.4 0.6 0.8 1

(e
vt

.n
un

u.
H

d1
.B

ta
g*

ev
t.n

un
u.

H
d2

.B
ta

g 
/ (

ev
t.n

un
u.

H
d1

.B
ta

g*
ev

t.n
un

u.
H

d2
.B

ta
g 

+ 
(1

 - 
ev

t.n
un

u.
H

d1
.B

ta
g)

*(
1 

- e
vt

.n
un

u.
H

d2
.B

ta
g)

))

0

0.2

0.4

0.6

0.8

1

1

10

210

(evt.nunu.Hd1.Btag*evt.nunu.Hd2.Btag / (evt.nunu.Hd1.Btag*evt.nunu.Hd2.Btag + (1 - evt.nunu.Hd1.Btag)*(1 - evt.nunu.Hd2.Btag))):(evt.nunu.Hd1.Ctag*evt.nunu.Hd2.Ctag / (evt.nunu.Hd1.Ctag*evt.nunu.Hd2.Ctag + (1 - evt.nunu.Hd1.Ctag)*(1 - evt.nunu.Hd2.Ctag))) {((((((evt.energy > 60)&&(evt.energy < 260))&&(evt.nunu.Higgs.Mass > 80))&&(evt.nunu.Higgs.Mass < 180))&&(HJETS.mva < 0.07))&&(HNUNU.mva > 0.11))&&(prodID == 1419)}
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Remapping the !
Flavor Space
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Remapping Results
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Modeling the background
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• Using the “mockup” background increase the uncertainty of H 
branching considerably, BUT it is very difficult to segment the space 
and normalize since the “cliffs” are very close to the 
H->cc signal region 

• Using dedicated Z->qq background samples to produce a high-
statistics template with the right shape also reduces precision 

• Smearing the histogram with smoothing functions



Marco Szalay3-June-2015 Update on H->bb/cc/gg at 350 GeV

Conclusions
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• Selection efficiency has increased drastically thanks to better 
training statistics for H->cc and H->gg 

• Analysis now fully implements both Hvv and Hqq cutflow and 
performs a simultaneous fit of the templates of both 

• Uncertainty on cc did not scale linearly with improved efficiency 
(as would be expected from background-driven data sample)  
The shape of the flavor space seems to have changed a lot


